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Objective: Our objective was to study the perception or cabin air 
quality ''CAQj and cabin environment (Cf) among commerciai cabin 
crew; and to measure iiifferenc aspects oi CaQ on intercontinental 
flights. Methods: A stano'ardiied questionnaire was mailed m Febru* 
ary-March 1997 to all Stockholm-based aircrew on dutv in a Scan- 
dinavran flight company (n = 1857J, and office workers from the 
same company = 2781. The answers were compared with an 
externa) reference group for the questionnaire i.vivi 040 N’A). During 
this time, smoking was affowed on intercontinental flignts, but not on 
other shorter flights. Smoking was prohibited on all flights after 1 
September 1997. The partierpatron rate was 81% ’n = ]573i in the 
aircrew, and y7’*.'o m = lob? in the office group. Air numiditv, 
temperature, carbon dioxioe (CO^) ^nd respirable dust were .mea- 
sured during inlerContmenJai flights, during both smoking and non¬ 
smoking conditions. Statistical analysis was penormed bv multiple 
logistic regression anaivsfs, keeping age. gender, imnking, current 
smoking, occupaiicn. and perceived psychosocial work enviformenr 
simultanousiy in the model. Results: Air humidity was very law 
(nnean 5%i during Intercontinenral flights. In most cases '97%J the 
COj concentration was below 1000 ppm. The average concentration 
of respirable particles was 67 during smoking conditrons, 

and 4 • m"^ during non-smoking conditions. Complaints of draft- 

iness, too high temperature, varying temperature, siuft'v air, drv air, 
static electricity, noise, inadequate dlumination. and dust were more 
common among aircrew as compared with office workers from the 
same company. Female crew had more complaints on too low tem¬ 
perature. dry air, and dust. Current srnokers had less complaints an 
stuffy air and environmental tobacco smoke fETS). Younger subjects 
and those with atopy ^childhood eczema, allergy to tree or grass 
pollen. Of furry animals) reported more complaints. Reports or> work 
stress and lack of influence or? working conditions were strongly 
related to perception of a poor cabm environment. Flight deck crew 
had more complaints about inadequate ilfumination and dust, but 
less complaints about other aspects of the cabin environment, as 
compared with flight attendants. .Aircrew who had been on a liighl 
the previous week, where smoking was allowed, had more com¬ 
plaints on dry air and ETS. Conclusion; Complaints about work 
environment seems to be more common among aircrew than office 
workers, particularly draft, stuffy air, dry air, static electricity, noise, 
inadequate illumination and dust. We could identify personal factors 
of importance, and certain conditions that could be improved, to 
achieve a better perception of the cabir> environment, important 
factors were work stress, lack of Influence on the working conditions, 
and envirorrmental tobacco Smoke on some longer flights. The hy¬ 
gienic measurements in the cabin, performed only or intercontinen¬ 
tal smoking flights, showed that air humidity is very low onboard, and 
tobacco-smoking onboard leads to significant pollution from respi¬ 
rable dust. 

Keywords; aviatior; medicine, cabin airquailty. environmental tobacco 
smoke ^ETS). indoor air pollution, noise, occupational medicine, psy. 
chosocial work environment. 


T ransportation by air on a global basis is 

estimated to be growing at the rate of 5% per year 
(10)^ and worldwide more than 1 billion people are 
transported by aircraft annually (19). The cabin envi* ■ 
ronment is characterized by a low relative air humidih', 1 
U’picaliy between 5-25% (19,21). Moreover, the cabin in ' 
commercial aircraft is densely populated, and exposure ; 
to environmental tobacco smoke (ETS) may occur if : 
smoking is allowed (5-7,11,12,18,19). Earlier investdga- ^ 
tions on cabin air quality have focused on exposure to : 
ozone during higher altitude flights in aircraft without ! 
ozone converters (4,13). 

Complaints about poor cabin environment may com- ^ 
prise a sensation of drynesSy stuffy air, odor, annoyance ] 
from environmental tobacco smoke (ETS), temperature : 
discomiort, draft, noise, and static electricitv. Earlier 1 
investigations have shovyn that such complaints are 
common in non-industrial workplaces, e.g., offices 
(26,28), schools (14,27), and hospitals (16), Complaints 
on the indoor air quality are often the starting-point of 
discussions about the medical relevance of indoor air i 
quality, and demands for investigations into hygiene 
and environmental improvements. 

Earlier studies in offices, hospitals and schools have 
shown that the perception of the indoor environment is 
related to various aspects of the physical environment 
(15), including ETS (32) and low hxunidity (14,16,17,24). 

In addition, complaints on poor indoor air quality are 
related to personal factors, and are more common 
among females (14,29), subjects with allergies (14,29,32), 
and related to reported psychosocial work climate 
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QUALiT. —LL\'DGR£X £T AL 

• n4l6,29'3^^- Alost stvidies l7,12,13) in aircraft have 

deit tvith passenger comfort, and there are few larger 
Stuuics available on health effects of cabin air quaiin,- on 
'.cabin crew (20). 

. .The main aim of our study was to compare the per¬ 
ception of cabin air quality (C.AQ) among commeidal 
aircrew, with office workers in the same company, as 
well as an external reference group. The second aim 
was to identih' personal, psychosociaJ, and occupa¬ 
tional factors related to the perception of CAQ. The 
third aim was to measure the cabin climate and expo¬ 
sure to respirable particles in Intercontinental flights, 
and differences in concentration of respirable dust dur¬ 
ing smoking and non-smoking conditions. 

METHODS 

The study is part of a larger project on cabin air 
qualih' and medical symptoms and respiratory disor¬ 
ders among aircrew at Scandinavian .Airlines System 
(SAS). Detailed measurements of cabin air pollutants 
will be presented in a separate publication. 

Questionnaire Study 

A self-administered questionnaire was mailed in Feb- 
ruaiy'-March 1997 to all Stockholm-based aircrew on 
dutv' in a Scandinavinn flight company (n = 1857), and 
office workers from the same companv (n = 21.S), The 
protocol of the studv was approved bv the Ethical 
Committee of the Medical Faculty of Uppsala Univer¬ 
sity. The participation rate was (n = 1313) in the 
aircrew, and 77% (n = 168) in the office group. The 
questionnaire contained questions from a standardired 
questionnaire (,VLM 0-10 .XA) developed bv the Depart¬ 
ment of Occupational and Environmental .VIedicine in 
Orebro (1,2). The questionnaire was previously vali¬ 
dated and used Ln the Office Illness Study m northern 
Sweden (28). There were some additonai questions 
from another questionnaire (31), as well as some spe¬ 
cific questions for aircrew. The answ'ers were compared 
with an external reference group for questionnaire MTvI 
040 NA from nine ''healthy" buildings. During the time 
of the questionnaire study, smoking was allowed on 
intercontinental flights, but not on other shorter flights. 

The questionnaire contained 12 questions on subjec¬ 
tive workplace air quality. A recall period of 3 mo was 
used for these questions, for each perceived climate 
variable, there were three alternatives to answer "no, 
never," "yes, sometimes," and "yes, often" ("often" 
meaning every week). The prevalence of weekly com¬ 
plaints vvas calculated for each subjective climate vari¬ 
able. In the statistical analysis, weekly complaints were 
assigned value "V, and both "yes, sometimes", and 
no, never" were assigned a zero value. 


L’i PiTiuiiiii factors 

Information on age. gender, smoking habits, aller¬ 
gies. and atopy vvas obtained from the questionnaire. A 
hiStorv of atopv was defined as reporting allergv to tree 
or .grass pollen, furrv' anitnaJs, or a histon,' of eczema in 
childhood. A current smoker was denned as a subject 
who reported current smoking (>1 cigarerte/day) in 
the questionnaire, or w'ho had stopped smoking less 
than 6 mo ago. The questionnaire contained four ques¬ 
tions covering different aspects of the psychosocial 
work conditions. The question "interesting/stimulation 
work" measured work satisfaction. The question "Too 
much work to do" covered stress due to excess of w'ork. 
"Opportunitv to influence on working condition" mea¬ 
sured the degree of influence on working conditions, 
and the question "Do you get help from your colleagues 
when you hav'e a problem at work" measured the de¬ 
gree of social support. The questions on psychosocial 
conditions, had four possible answers; "ves, often," 
"yes sometiines,","no, seldom," and "no, never." Each 
of the variables vvas assigned an index value from (1-3; 
"ves, often" was assigned "5"; "yes, sometimes" was 
assigned "2"; "no, seldom" was assigned "1"; and "no, 
never" were assigned a zero value. The valued were 
then divided bv three, in order to get psychosocial 
variables ranging from 0-1, 

In-flight r'rleasurements 

Vleasurements were performed on six individual In- 
tercontinentai aircraft of the same type (Boeing 767- 
300), with a total number of 190 seats. The smokers' 
seats in tourist class (rows 21-39), were located near the 
aft galley and smokers in the eurociass (rows 1-17) 
were located near the middle section. 

The Boeing 767-300 has a total volume of 428 m'^ (9), 
and a ventilation system normally providing approxi¬ 
mately 50% fresh air and 50% recirculated air to the 
passenger Cabin. Normally, this should give an air ex¬ 
change rate of about 7 turnovers per hour of fresh air m 
the cabin. Occasionally, the recirculation fans can be 
shut off by the pilot for shorter moments, resulting in a 
100% fresh air supply and an twofold increase of supply 
of fresh air. The air flow rate on flight deck is about 60 
turnovers per hour. 

The fresh air is supplied by the engines in flight, and 
sterile while passing through heated zones in the en¬ 
gine (400'’C). The air is conditioned by the air condi¬ 
tioning packs and ozone is removed by passing fresh air 
through a catalytic ozone converter. The cabin air cir¬ 
culation system utilizes a pre-filter for larger particles, a 
high efficiency particulate air filter (HEPA) capturing 
particles equal or greater than 0.3 pccn with 99.99% 


table I. PERSOKAL CKAitACTERISTICS (%) FOR DIFFERENT OCCUPA'nONAL GROUPS ONBOARD, AND REFERENTS. 


Venable 

Female 

Current smokers 
Hay fever 


Pilot 

Purser 

Steward 

N = 577 

N' = 197 

N = 82 

5 

86 

20 

S 

21 

20 

16 

15 

28 


Flight Attendants 
N = 657 


Office Workers 
N = 166 


External Referents 
N = 319 
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Table U- PRE'LALcNCE '7'! of A1 leas ; a EEKL'; lO\IPL.AF\'T5 ox DLFFEELEXT -aspects of CABLX EXA'IRO-XMEXT 

REPORTED FOR THE PREATOU5 3 MO. 


Variable 

Pilot 

N* — 5T6 

P'idTser 

X = 197 

SreU'art 
\' = 

Right Attendants 

X ~ 657 

Ofnce Workers 
-V = 16^ 

E.xtemaJ Referents 
\ ^ 319 


Draftiness 

IS 

26 

27 

25 

2 

4 


TemperaUif'e too high 

0 

17 

22 


9 

5 


Varying temperature 

20 

2? 

33 

50 

!6 

• 


Temperature too loiv 

14 


17 

22 

n 

5 

. 

Stuitv air 

10 

36 

49 

5S 

14 

10 

'i 

Drv air 

55 

54 

74 

75 

26 

"O 


Unpleasant odor 

1 

10 

13 

16 

5 

5 

; 

Static eiectnciK- 

T 

45 

50 

46 

10 



Passive smoking 

4 

20 

43 

23 

3 

2 

J 

.Noise 

41 

50 

5] 

69 

4 

P 



30 

22 

18 

17 

8 

8 

? 

Dust and dirt 

41 

39 

32 

45 

6 

10 

.J 


efficiency, and a charcoal filter to remove volatile com¬ 
pounds. The air-conditioning svstem does not contain 
any air humidification devices. .All commercjal aircraft 
use pressurized cabins to provide a cabin atmosphere 
equivalent at 2000-2500 m above sea level. This cabin 
pressure is provided by bleeding air from the jet engine 
compressor stage. 

.Air huirudity, temperature, respirable dust, and car¬ 
bon dioxide (COi) ivere measured during cruise on 
intercontinental flights, 9 flights during smoking and S 
flights during non-smoking conditions. These measure¬ 
ments were performed during a 2-vr period (X'o\''ember 
1995 to December 1997). Smoking onboard was allowed 
on aU intercontinental flights until September 1, 1997, 
and was prohibited on all flights after Lhis date. .All 
aircraft were filled with passengers. Tne measurements 
were performed after take off, and before landing. 

In-flight temperature and air humidity were recorded 
with a SWEMA logger 15 (SWEVLA AB, Sweden), sam¬ 
pling 1-min average values. The logger ivas calibrated 
at the factory in connection with the Investigation. Con¬ 


centrations of respirable dust were measured bv a di¬ 
rect reading instrument based on light scattering (Sibato 
P-o h2, Sibata Scientific Technology Ltd, Japan), used in 
earlier indoor air investigations (27). Carbon dioxide 
concentration was measured by a direct reading infra¬ 
red spectrometer (Rieken Rl-illA, Rieken Keini. Ja¬ 
pan), calibrated bv standard gases containing known 
concentrations of CO-. The signal from the dust moni¬ 
tor and the CO 2 meter were also recorded with the 
SWERLA logger, sampling l-min average rvalues. Noise 
was measured at two different flights, using a Nonve- 
gian Electronic 110 noise detector (class I), giving both 
equivalent noise levels in dB(A) and frequent analysis, 
The noise measurements were performed during cruis¬ 
ing at flight deck, in forward gallev, over wing, and m 
aft galley. 

Statistical Methods 

The influence of different factors on subjecriv'e indoor 
air quality was analyzed by multiple logistic regression. 


TABLE Ill. REPORTED PSYCHOSOCLAL WORK E.WIRON'ME.Vr (%i FOR DIFFERENT OCCLTATIONAL 
CROUPS ONBOARD. AND OFFICE WORKERS. 


VariabJe 


Pilot 

N = 577% 

Purser 

N = 197% 

Steward 

N = 82% 

Flight 

Attendants 

N = 6571'o 

Office 

Workers 

N = 168% 

External 

Referents 

N = 319% 

Interesting/stimtdating Work 

(work satisfaction) 

Yes, often 

81 

79 

61 

61 

85 

SO 


Yes, sometimes 

15 

19 

35 

37 

14 

19 


.No, seldom 

1, 

2 

4 

3 

2 

2 


No, never 

<1 

0 

0 

<1 

0 

0 

Too much work to do 

(work stress) 

Yes, often 

3 

21 

24 

13 

34 

30 


Yes, sometimes 

39 

70 

64 

69 

60 

55 


No. seidom 

52 

8 

11 

18 

6 

14 

Opportunity to influence working 

No, never 

6 

<1 

1 

0 

0 

1 

conditions (work control) 

Yes, often 

10 

7 

3 

3 

33 

33 


Yes, sometimes 

30 

41 

37 

26 

59 

49 


No, seidom 

46 

44 

56 

61 

8 

17 


No, never 

15 

8 

5 

n 

<1 

1 

Degree of social support from 

colleagues 

Yes, often 

49 

65 

65 

58 

46 

51 


Yes, sometimes 

33 

27 

32 

34 

45 

36 


No, seldom 

12 

7 

3 

7 

6 

9 


No. never 

6 

1 

0 

1 

1 

3 


776 
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TABLE Tv'. ADJL'ETED ODDS R.ATTOS ''OR!' 'ATTH 
CONFIDENCE INTERVAL !9=% Cl) FOR RELATTOXSHIPS 
between .at L£-\5T V.TEKLY CONipLAiNTS AEOLT CABIN' 
ENVIRONMENT, .ANTJ OCCLT.ATION (N = ’.66!). 


EnviroiMKenfal Variable 

Occapation f Aircraft Crew 
V'^rsu$ Omce Workers! 

.Aircran Cretv OR C!) 

Draftiness 

9.2i 0.29-2S.m‘" 

Terriperatiire too high 

:.23(1.29-4.JS1* 

Varying teiriperature 

l.SO '■MC-2.96)' 

Temperature too low 

1.31 (0.73-2.34! 

Stuffy air 

3.26 (1.91-5.571'*’ 

Dry air 

5.6S (3.B6-3.8ir“ 

Unpleasant odor 

1.34 (0.64-3.74) 

Static electndtv 

4.76 (2.51-9.06)'“ 

Passive smoking 

1.81 (0.92-3.55) 

Noise 

50.23 (13.57-67,26)*** 

Inadequate Ulumination 

4,10(2.18-7.73)“* 

Duse and dirt 

il.OO f5.55-21.r8)'*‘ 


•p c 0,05: "'p < 0.01; —p < 0.001. 

^Calculated by multiple lo^tic regression analysis, including age. 
gender, atopy, Current smoking, tour psychosocaJ variables, and type 
ot vcork (flight crew vs. office workt in the regression model. 

bv SPIDA statisticaJ package (The Statistica! laboratory', 
Macquaire University, Australia). Ttvo tvipes of statisti¬ 
cal models were used. First, all cabin crew were 
grouped together, and compared with the internal ref¬ 
erence group of office workers from the same company, 
adjusting for possible confounding of age. gender, 
atopy, current smoking, and the four psvchosocial vari¬ 
ables. In the next step, the statistical analysis ivas re¬ 
stricted to aU aircraft crew, and type of occuparion, age, 
gender, atopy, current smoking, and the four psvcho- 
sociaJ variables simultaneouslv in the models. Tlie coo- 
Linearity' diagnostics described in the SPID.A manual 
were applied (8). Initially, some cohneariri' problems 
were detected, but these were eliminated by centering 
the four psychosocial variables, by subtracting the 
mean value for each variable, Odds ratios (OR) with a 


95^0 confidence interval (Cl) was caiculated. In ail sta¬ 
tistical analyses, two-tailed tests and ■ le^ el of siunir- 
icance were used. 

RESULTS 

Among ail participants, 53°-’o were females, 14“'o were 
current smokers, 19% had hay fever, 9°'o used contact 
lenses, and mean age was 43 vt (SD = S). Prevalence of 
personal factors in different occupations is given below 
(Table I). Complaints on noise, dustiness, stuffy’ air, dry' 
air and static eicctricitv w'ere common in aircrew' (Table 
II). When comparing the internal reference group of 
office workers from the same company with the exter¬ 
nal reference group, no major differences in complaints 
were observed. Reports on the psychosocial work envi¬ 
ronment in different occupations, including work satis¬ 
faction, work stress, influence on worldng conditions, 
and social support from colleagues is given in Table III, 

Further statistical analysis was performed, applyin.g 
multiple logistic regression analysis, adjusting for pos¬ 
sible confounders; i.e., age, gender, atopy, current 
smoking, and psychosocial work conditions. Initially, 
ail aircre^v members were grouped together, and com¬ 
plaints on different aspects of the work environment 
tvere compared with the internal reference group of 
office workers (Table IV). The prevalence of most com¬ 
plaints, e.xcept too low temperature, unpleasant odor, 
and environmental tobacco smoke, was higher among 
aircrew members. The greatest differences were ob- 
sen-ed for complaints on noise, dust, draft, dry air, 
static electricity, inadequate illumination, and stufiy air. 

In the next step, the statistical analysis was restricted 
to ail cabin crewmembers, applying multiple logistic 
regression analysis, keeping both occupation, age, gen¬ 
der, atopy, current smoking, work satisfaction, rvork 
stress, influence on working conditions, and social sup¬ 
port in the models (Table V), N'o major differences 
between males and females w'ere observed, but females 
more often complained about too low temperature (p < 


TABLE V .ADJUSTED ODDS RATIOS (OR)' WITH ^5% CONTTDENCE LNTERVAL (95% Cl) FOR REL.ATION'SHIPS BETWEEN .AT LEAST 
WEEKLY COMPLAINTS ABOUT C.ABIN E.WTRONMENT. A.ND PERSONAL F.ACTORS, [N THE TOTAL .VIATERLAL 

OF AIRCRAFT CREW (N = 1513).’ 


Environmental Variable 


Personal Factors 


Female Gender OR (95% Cl) Age* OR (95% Cl) 

Atopy OR (95% Cl) 

Current Smokeri OR (95% Cl) 

Draftiness 

1.61 (1.00-2.60) 

0.89 (0.73-1.07) 

1.32 (1.00-1.73)* 

0.98 (0.6.^1.49) 

Temperature too high 

1.16 (0.68-1.97) 

0.83 (0.65-1.06) 

1.16(0.84-1.61) 

1.04(0.66-! .66) 

Vaiving temperature 

1.04 (0,67-1.62) 

0.91 (0.76-1,09) 

1.50 (1.16-1.95)** 

0.81 (0.54-1.21) 

Temperature too low 

2.17(1,28-3-68)** 

0.72 (0,58-0.90)** 

1.00 (0.74-1.35) 

0.78 (0.48-1.26) 

stuffy air 

1.53 (1.00-233) 

0.85 (0.70-1.04) 

1.04 (0.79-1.37) 

0.60 (0.41-0.88)* 

Dry air 

1,52 (1.00-2.31)* 

0.80 (0.69-0.95)“ 

1.29(0 99-1.66) 

0,94 (0.^1.35) 

Unrlesant odor 

0.92 (0.48-1.76) 

0.71 (0.51-0.98)* 

1.69 fl.14-2.52)** 

050 (025-1.00) 

Static electriaty 

134 (0,86-2.09) 

0.70 (0.56-0.88)" 

130 (0.98-1.73) 

I.IS (0.77-1.67) 

Passive smoking 

1.16 (0.67-1.98) 

1.29 (1.01-1.64)* 

1.02 {0.74-1.41) 

0.18 (0.09-0.37)*“ 

Noise 

1.48 (0.99-2221) 

0.84 (0-71-0.99)* 

1.38 (1.08-1.77)* 

0.71 (0.50-1.02) 

Inadequate illiuninadon 

1.17(0.71-1.92) 

1.16 (0.96-1.39) 

ITS ^0.89-1.56) 

1.32(0.88-1.98) 

Dust and din 

1.37 (1.04-2.36)* 

1.14(0.97-1.33) 

1.39(1.25-2,02)“* 

0.S9 (0.63-1.27) 


•p < 0.05: -p < 0.01; “'p < 0.001. 

’’Calculated by multiple logistic regression analysis, including age, gender, atopy, current smoking, 4 psychosocial variables, and type oi 
occupation onboard. 

'Odds ratio calmJafed for a change of 10 years. 

'’Non-smoker = 0; smoker = 1. 
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TA5LE V;, aD/LSTHD ODD? fLATIOS 'C?:;" V^ITH A=iS CO.VFIDEXCH L\T£.-^VAL :;■? = C!) FOR RELATIONSHIFS BETi'.TEN AT 
LEAST WEEKL'; COMPLAIVTS OX- CaSEX’ EXATROXAIEXT, A_XD PERCEPTIDX OF ?S’i CHOSOCLAL '.VORK CLi\lATE. 

LV THE TCT.aL a;?!<-.T.^JT CRE’-'-' STODV GKOLT. = i5!5)T 




Psychoscoal 

'.Vor.4 Condihoni 

- 

- 

EnvironmenraJ Variable 

Work Satisfaction^ 

OR (95% CD 

Stress Due to excess of 
U^oTk" OR (95% Cl) 

U'or.< ContJoi'' 

OR (os-i cn 

Social SuDporrt 

OR {95% CD 

— 

Draftiness 

0.30 (0.38-3. 

4 . 1 : 0.09-8.1 IP” 

0.32(0.1S-0.56)*** 

2.17(1.24-3.79)** 

il' 

Temperairure too high 

l.Ou iO.40-C.lS) 

7.99 (3.45-1S,53)"* 

1.79 (0,9(3-3.36) 

0.47 (0.24-0.88)' 

L‘." 

Varvlng terriDeratuje 

1.39 fO.67-2.90) 

5 . 2 s (2.75-10.12)"* 

0.56 (0.33-0.95)* 

1.30 (0.77-2.17) 


Tempera hdre too low 

1.04 (0.46-2.35;. 

3.67(I.76-7.67)** 

0,46 (0.25-0.86)* 

1.00 (0.3^-1.76) 


Stuffy ^ir 

0,5S (O.TS-1.2:) 

5.41 (2.72-10.7-)— 

0.63(0.39-1.20) 

1.06 (0,62-1.83) j 

i 

Dn’ air 

0.6S /0.34-1.3a',i 

4.60 1 : 2 . 54 - 8 . 34 )— 

0.52 (0.32-0,54)*' 

0.86(0.54-1.37) | 


Unpleasant odor 

0.39 (0.31-2.55) 

13.18(4.55-39.93)"* 

0.21 (0.08-0.33)“ 

1.63 (0.68-3.90) 1 

1 .V,.-,.- 

Static electnatv 

0.67 (0,31-1.46) 

2.93 (1.40-6.16)” 

1.01 (0.55-1.86) 

1.48(0.81-2.71) J 

1 

Passive smoking 

0.94 fO.39-2.26) 

2.35 ri.02-5.40)* 

0.56 (0.28-1.11) 

2.09(1.04-4.18)' 1 


Noise 

0.55 (0.25-1.08) 

6,36 (3.53-11.46)*" 

0,63 (0,39-1.02) 

0.86 (0.5S-137) j 


Inadecjuate illumination 

1.02 (0.47-2,21) 

11.11 (5 62-21.97)*” 

0-46 t0.27-0.S0)** 

0.95(0.56-1591 S 


Dust and dirt 

0.S7 (0.46-1 66) 

5.62 {3.16-9.98}"' 

0.54 (0.34-0.87)* 

0.92(0.59-1 44) j 


*p < 0.05; -’p < O-Ol: 
^Calculated by miiiriple i 

p < 0-001. 

'ogistic regres.sion anaJyris, including 

'1 

age, jjender. dt<>pv, current smoking, four psvchosocial variables, and ft’pe of 5 


occupation onboard. 

^Odds rario vv'as calculated for the extremes of this variable lO- 

A). 


5 

.1 • tc 


<! 

5 


0.01), dr\' air (p < 0-05), and dusl (p < 0.05). Younger 
subjects reported more complaints of too low tempera¬ 
ture (p < D.Ol), dry air {p < O.Ol), unpleasant odor (p < 
0.05), static electricity {p < 0,01), and noise tp x 0.05). 
Older subjects compiamed more about en\-ironmental 
tobacco smoke (p < 0.05). .Atopv vvas one of the more 
significant personal factors with respect to subjective 
cabin air tjuaiih' (CAQ). Subjects with atopv, defined as 
allergy to tree or grass pollen, fum' animals, or a child¬ 
hood historv of eczema, more often complained Of 
draftiness (p < 0.05), varying temperature (p < 0.01), 
unpleasant odor (p < O.Oi), noise (p < 0.05), and dust 
fp < O.OOlJ. for most types of complaints, there were no 
differences between smokers and non-smokers, but 
smokers complained less about stuffy air (p < 0,05), 
and FTS exposure (p < O.OOl). 

Reports of work stress and lack of influence on work¬ 
ing conditions were related to perception of a poor 


cabin environment (Table VI). All types of complaints | 
were strongly related to work stress because of excess .5 
work {p < 0 . 001 ), and many were related to lack of ,5 

influence on working conditions. In contrast, there were J 

no significant relarionships behveen work satisfaction, -i 
and any type of complaints, and little and inconsistent ;5 
intluence of social support from coDeagues. i 

VV'fien comparing complaints on CAQ between dif- J 
ferent occupations, the level of complaints among flight r 
attendants (air hosts) was used as a reference values | 
(Table VII). The same logistic regression models were ? 
used, adjusting for age, gender, atopy, smoking, and | 
the four questions on psychosocial work conditions. Mo f 
major differences were observ'ed between cabin crew of jj 
different occupation, except for a higher occurrence of | 
complaints on ETS among stewards (p < 0.01), and less | 

complaints on stuffy air fp < 0 . 001 ), dry air (p < 0 . 01 ), | 

and noise (p < 0.01) among pursers. In contrast, Eight | 
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table vn. ADIUSTED ODDS RATIOS !ORF '.ViTK 95’o CONFIDENCE LXTERVAL (95% Cl) FOR RELATIONSHIPS BETWEEN 

BETWEE.N at LEAST IVEERLY COMPLALXTS ON CABIN ENVIRONMENT, AND TYPE OF OCCUPATION ONBOARD, i 

USLNG FLIGHT ATTEND.ANTS AS REFERENCE GROLT (N = 1513).* : 

eQV 

ais 

OVc 



Type or Occupation Onboard 


disi 
is i 





Flight Attenden^s 


Envirorunentai Variable 

Pilot OR (95% Cl) 

Steward OR (95% Cl) 

Purser OR (,95?» Ct) 

OR (95% Cl) 

DIf 

Draftiness 

1.56(0.92-2.65) 

1.52 (0.78-2.96) 

1.34(0.87-2.08) 

1 1 


Temperature (oo high 

0,33 (0.18-0.63)** 

0.98 (0.47-2.03) 

0.75 (0.45-125) 

1 

c 

Varying temperature 

0.93 (0.57-1.52) 

L36 (0.73-2,53) 

0,79 (0.51-1,22) 

1 

env 

Temperature too low 

1.58 (0.89-2.79) 

1.15(0.53-230) 

120 (0.74-1.95) 

1 

corr 

Stuffy air 

0.14 (0.08-0(22)"* 

0.91 (0.50-1.67) 

0.46 (030-0.66)*“ 

2 


E^rv air 

0.86(0.54-1.35) 

1.21 (0.63-2.34) 

0.53 (QJ36“<I.79)** 

• 1 


Unpleasant odor 

0.10 (0.03-0.26)“* 

0,78 (0.33-1.87) 

0.82 (0-43-139) 

• 1 : 

rori) 

Static electricity 

0.04 (0.02-0.08)*“ 

1.31 (0.71-2.40) 

1.50 (0,99^228) 

1 . ■ 

iilui 

Passive smoking 

0.17 (0.09-054)*** 

2.76 (1.41-5.40)“ 

0.62 (D.38-1.02) 

1 


Noise 

0,64(0.41-0.98)* 

0.59 (0.33-1.08) 

034(036-0.79)** 

1 ! 


nadequate iliumiaation 

3,93 (2.29-6.74)-** 

0.87(0.40-1.91} 

1.19 (0.76-1.87) 

1 ! 


Dust and dirt 

1.82(1.17-2-83)** 

0.74 (0.40-1-37) 

0.71 (0.49-1,04) 

1 i 







tion 

*p < 0.05; -*p < 0.01; ***p 

< 0,001. 




cr^v 

‘Calculated bv multiple logistic regression analysis. 

including age. gender, atopy, current smoking, four psvi;ho$odal variables, and tvpe Of 

as : 

occupation onboard. 
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table vtii. adjusted odds Ratios lOR)’ with 95^0 

roNHDENCE LVTEKVAL (95% CD FOR RELATIO.VSHIPS 
BFTVmEM SL-BfECnVE CABIN .AIR QUALmC AVD WORK OH 
^MOKING FLIGHT'S DCRIKG THE LAST 7 DA\S fN = 13131' 


Climate Variable 

VVork on Soioke Plight Last 
7 Days OR (95% Cll 

Stuffy air 

Drv air 

Unplwant odor 

Passive smoking 

1.31 (0.99-1.73) 

1 . 3 ; 11.03-1.70)' 

1.40 (0.92-2.14) 

4.02 (2.90-5,39)'“ 


•p < 0.05; —p < O.OOX. 

’Calculated By oiuJtipie logistic regression ajialvsis, including age, 
gender, atopy, current smoking, tom psychosodai variables, and type 
of occupation onboard. 


deck crew had significantly less complaints on many 
aspects of CAQ (p < 0.001). Flight deck ciew, however, 
reported more complaints on inadequate illumination 
(p < 0.001} and dust (p < 0.01), as compared with flight 
attendants. 

The questions on CAQ were addressing the condi¬ 
tions during the last 3 mo. For practical reasons, infor¬ 
mation on work on particular flights, and flight num¬ 
bers, could only be achieved for the week prior to 
answering the questionnaire. Based on flight number, 
the flights tvere classified as either smoking flights or 
non-smoking flights. Aucretv' that had been on a smok¬ 
ing flight the prexious week, reported significantly 
more complaints on drv' air (p < 0.0?) and ET5 (p < 
0.001) (Table VIII). 

The hygienic measurements, performed on 17 flights, 
showed that mean temperature onboard 'vas 22."'C, 
and mean relative air humidity was low (5%). The mean 
COj concentration was 618 ppm, and was below the 
recommended limit value of 1000 ppm during 97% of 
measured time. The average concentration of respirable 
particles in the back of the aircraft (aft gaUey area) were 
much higher (67 pg • m”^) during smoking as com¬ 
pared with non-smoking conditions (4 /ug/m^* (p < 
0,001), with maximum v^ues of 430 pig • rn ^ and 12 pig 
• of respirable particles, respectivelv (Table IX). 

The noise measurements showed that the average 
equivalent levels during cruising were 73 dB(A) at 
flight deck, and 76 dB (A) in forw'ard galley, 74 dB (A) 
over wing, and 78 dB (A) in aft gailey. The frequency 
distribution of.the noise on flight deck, and in aft galley 
is given in Fig. 1-2. 

discussion 

Our results suggest that complaints about the work 
environment are common among cabin crew, and more 
common than among office workers. We could identify 
some possible environmental causes, including envi¬ 
ronmental tobacco smoke, low relative air humidity, 
illuznination problems, noise, and thermal factors. In 
addition, the perception of the cabin environment was 
related to personal factors, including age and atopy, 
■'york stress, and lack of influence on working condi- 
bons. The study was designed to include ail airline 
<Tew belonging to the crew base in Stockholm, as well 
as two representative departments of office workers in 

Aviation. Space, and nnviTpnmental Medicine • VoL 71, So. 3 - 2000 


Stockholm from, the S.AS companv in Svveden, W'orkint: 
outside the airport. The response rate was reasonably 
high both in cabiri crew and office workers (S2% end 
77°o, respectively). Information on both perceptions of 
cabin environment, and psychosocial work envuon- 
ment, was gathered bv the same questionnaire. This 
could have resulted in recall bias, but since we found 
different relationships for specific aspects of psychoso¬ 
cial work conditions, it is less likely that observed rela¬ 
tionships were due to recall bias. Since different aspects 
of cabin environment were studied, many' statistical 
tests were made. In rnost cases, significance levels w'ere 
below 0.01 or 0.001, suggesting that the results were not 
due to mass significance. 

Complaints on poor indoor air quality were common 
among aircraft crew, particularly On drv air, stuffy air 
and static electricity. .Many types of complaints w'ere 
significantly more common among aircraft crew' than in 
office workers from the same companv. To our knoi'’l- 
edge, there are few other larger studies published on 
sirnilar types of perceptions of the cabin environment 
among aircraft crew (20). 

■As compared with office workers, cabin crew had 
more complaints of draftiness, too high room temper.i- 
ture, and varying temperature. The complaints of draif- 
iness and vary'ing temperafure were similar in all ty-pes 
of staff onboard, but complaints on too high room te.m- 
perature were frequent onlv among cabin attendants. 
The chmatological measurements showed that the ai'- 
erage room temperature onboard was 22.7°C, but larger 
variations were registered during cruising conditions 
(17-27'’C). .Measurement of air velocity was not per¬ 
formed, but the high rate of air exchange in this ty'pe lU' 
aircraft could be the cause of these complaints. In ad¬ 
dition, asynunetric thermal radiation, e.g., coldness 
from catering doors at aft galley could also contribute to 
perception of draft. 

Noise in commercial aircraft may occur from differ¬ 
ent sources, e.g., vibration transmission from the engine 
through the aircraft body, air-transmitted noise from 
the engines, and wind velocity noise. Complaints about 
noise were much more frequent among aircraft crew 
(41-69%) than in office workers (4'io), and mast preva¬ 
lent among flight attendants. Our measurements 
showed an equivalent noise level during cruising con¬ 
ditions of 73 dB(A) at flight deck and 74-78 dB(A) in the 
cabin, with must noise in aft galley. The maximum 

table IX. CONTINUOUS. 1-MIN IN-FUGHT MEASURMENTS 

OF TEMPERATURE, HUMIDmr, COj AND RESPIRABLE 

particles, during nine smoking flights, 

AND EIGHT NON-SMOKING FUGHTS. 


Type of Factor 

N 

Mean 

(SD) 

(min-majc)* 

Temperature (“C) 

7083 

22.7 

(1.7) 

(17.4-27) 

Relative air humidity 1%) 

6570 

4.9 

(4.0) 

(0.9-30) 

Carbon dioxide (ppm) 

3332 

618 

(176) 

(351-1261) 

Respirable paitides 


Before smoking stopped 


942 

67 

(61) 

(2-430) 



After smoking stopped 


2296 

4 

(1.0) 

(<1-12) 


*Min-max = minimum to maximum values of I-min values. 
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Fig. I. iVecuency distribution .jc rfight deck, cruise ieve: 3/,OCO rt, at riighr captain's right ear. 


noise frequency in decibels was at 40-60 Hz in the low 
frequencv range, and at 630 - 800 Hz at speech interter- 
ence range, both at flight deck and in aft gallevc 
Many aircraft crew (32-45"il. both on flight deck and 
in the cabin, complained about dust and dirt on sur¬ 
faces, as compared with of these complaints in office 
workers- The reason for this is not clear, but could be 
related to cleaning routines, and the large amount of 
fleecy materials onboard. Complaints on cabin air qual¬ 
ity included air dryness and stuffv air, but w^as less 
pronounced for unpleasant odor. The pilots complained 
less about odor and stuffy air, and the purser com¬ 
plained less about stuffy air and drv air, as compared 
with flight attendants. Our hvgienic measurements 
showed a very low relatiee humidihc during cruising 


(typically 3-8% R.H.), and no air humidification was 
used. .At lower relative air humidity, problems with 
static electricity {tribolectric charging) increases, espe¬ 
cially with physical activities, which could explain the 
high frequency of such complaints (45-50%) in cabin 
attendants. 

In Sc^lnd^Jnavia, the indoor relative humidity is usu¬ 
ally betw'een 10-35% during wintertime in workplaces 
(24,16), Controlled experimental field studies have 
shown that moderate air humidification during winter 
may decrease the sensation of dryness in offices and 
hospitals (16,23,24,30), but may increase the seitsation 
of stuffy air (22). In these studies, the workplace of the 
exposed group achieve air humidification increasing 
the relative atr humidity (R.H.) with about 10% to 30- 
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Fig. 2. Noise rrequencv distribution at aft galley, cruise level 3, ,000 ft, 160 cm above floor. 
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^ A,' u H while the control unit without huiniaiiicurion 
20-^0"o R.H- epi'^sn-aokiinLui jtuuiei on air 
o '-dification have been pertoraied at the very low air 
.. levei5 occurring m aircraft. There mav also be 

^^^-'Srect ne>^ative health aspects of air humidification 
due to microbial growth in air-conditioning units 
'finally, there might be technical difficulties with 
’ iimidification in aircraft, because of condensation 

.■it'oroOiems arid corrosion. 

Annoyance from environmental tobacco smoKe was 
hf-diinmon among all categories in the cabin (20-43%), 
^'■but uncommon on flight deck (4%) and in the office 
vWrkers (8%)- In addition, aircraft crew that had been 
;'’4an 1 smoking flight the previous week, reported signif- 
ItTf'cantly more complaints on dry air and ETS, Our mea- 
it?h’h'4ements showed a drastic difference of respirable 
"'4partides in the aft galley (67 v.s. 4 u-g ■ when 

4''comparLng smoking and non-smoking conditions. This 
■ 1 • Justrates that smoking onboard is a significant source 
■ ‘fair pollution. 

T ’ersonal factors such as female gender, age, smoking 
its, and atopv were also related to perception of the 
abin environment, Tiie effects were most pronounced 
forage and atopy. The results agree with other studies 
showing more complaints about subjective air quality 
, hinong femaies (14,29), and subjects with atopv 
?■ '29,14,32) 

,We could also demonstrate a relationship between 
‘ i the psychosocial work environment and the perception 
■" of the cabin environment. The significance of psycho¬ 
social work climate, concerning subjective indoor air 
-uality, has previously been demonstrated m offices, 
-.. chools, and hospitals (14,16,27,29,32). Stress due to 
xcess of work and lack of influence on working con- 
iiuitions seems to be of particular importance among 
v .lircraft crew. 

Tn conclusion, complaints about work environment 
i ;ems to be more common among aircraft crew than 
■ ffice workers, particularly concerning draftiness, ther- 
lal conditions, stuffv air, drv air, static electricity, 
noise, inadequate iilumination, and dust. The large 
•■afiation of cabin temperature shows a need for more 
■ wwareness ot this problem to achieve a more stable 
l^ennal climate. We could identify personal factors of 
^toportance, and certain conditions that could be im- 
to achieve a better perception of the cabin 
Important factors were work stress due to 
of work, lack of influence on the working con- 
^j^lpons, and environmental tobacco smoke on some 
yoiigei flights. The hygienic measurements in the cabin, 
ohly on intercontinental smoking flights, 
that air humidity is very low onboard, and 
&w^?9‘-°"smoking onboard leads to significant pollution 
f?^Pl''^ble particles. Measures to improve cabin air 
could include smoking cessation, improved 
arijj jggg ygg fleecy materials. 
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